This paper presents the performance analysis of smart PCS based system for an accurate oxygen content measurement in the aqueous electrolyte solution. The system intends to measure the photo catalytic activity of the PCS which is sensitive to O2 by integrating the software and hardware design technique for more accurate results. The threshold voltage of the PCS changes due to photo catalysis process causing fluctuations in the PCS readout which is sensed by the microcontroller via an inbuilt 10 bit A/D converter. The digitized signal is processed and converted into corresponding value of O2 content. The proposed digital system is fast as compared to conventional flow injection analysis which is tiresome and time consuming job. The approach for this system relies on the fast operation of PCS which operates under sub threshold conditions and reduced computation time. The system is more user friendly and the outcomes of simulation are fairly in agreement with the theoretical estimations. The system is highly favourable for water quality monitoring applications due to reduced response time.
I. INTRODUCTION
Water is an elixir for life and with the development of industries and tanneries, water bodies are getting polluted. The wastes from these industries are discharged into water without any proper treatment resulting in degradation of water. It has become a global problem and strict policies need to be formulated to solve this problem. Health issues are a major concern due to increased quantities of the pollutants in water systems. So there is a need to monitor the quality of water and prevent further pollution being done. Chemical Oxygen Demand (COD) is a method which is used to determine the amount of organic pollutants in water. As compared to other conventional methods [1] [2] [3] , determination of COD is an effective step in water quality monitoring due to advantage of speed and simplicity. The flow injection analysis (FIA) method [4] is used to determine the COD by using photochemical column. In this technique, the COD of any given sample can be determined by measuring the changes in dissolved oxygen concentration under photocatalytic conditions. However, this approach requires a complex setup and needs a considerable amount of time for its operation. Ample amount of computation time is required to get the results. To address this problem, a SPICE model for PCS [5] was introduced which is more user friendly and has less response time. PCS exhibits a response to the O2 content present in the solution due to the presence of sensitive layer of TiO2. It operates in sub threshold conditions. To improve the output of the PCS model, an economical potentiometric sensor output circuit [6] was also developed. This paper presents a smart oxygen content measurement system by taking readout from the PCS and processing the data from the sensor to interpret it as oxygen demand. The software algorithm is developed to take precise measurement of the oxygen content based on the readings from the PCS. The PCS is interfaced with the microcontroller and a smart system for measurement of oxygen content is developed which acquires readings almost instantaneously unlike conventional systems which employ rigorous and lengthy procedures. Different studies have been carried out for removal of impurities and pollutants from the water [7] [8] [9] [10] . The system developed here after initializing its peripherals is ready to acquire the readings from the PCS which can be triggered by a switch. The gate electrode of the PCS is submerged in the solution whose oxygen content is to be measured. Due to photo catalytic activity, the voltage of the PCS changes which is sensed by the microcontroller unit and the data is processed by the processor to interpret it as the value of oxygen in milligrams per litre of the solution.
The organization of the paper is done as follows: Related works section has been given in Section II. Section III explains the process of photo catalysis and the methods involved in it. A deep insight has been given to I.J. Information Technology and Computer Science, 2015, 06, 45-51 the working of PCS. Section IV explains the architecture of the system and the components used in the system development. A thorough description about the working of each of the parts has been given and explained via a block diagram. This section also shows the simulation of the system which has been done to validate the results. The final results and the discussions are shown in the Section V. Regression analysis has been done to find the accuracy of the system and to check whether the given model is a good fit or not. Residual plot and the normal probability plot for the system have been plotted and are included in this section. The real images of the system developed have also been shown in the section and the paper concludes with Section VI.
II. RELATED WORKS
As explained above, FIA analysis is used to describe the COD by using the photochemical method [4] which is quite tedious and complex. In [5] , a macro SPICE model for PCS is implemented using Tanner tool which consists of a large number of MOSFET models operating in subthreshold region. The O2 sensitive surface of the PCS consists of a layer of titanium oxide (TiO2) exposed to an electrolyte solution. The thickness of the gate oxide is small in dimension when considered at submicron level. The dimensions can be reduced by using materials having much higher permittivity than silicon dioxide. The Cassius-Mosetti equation [21] with permittivity is given in equation (1):
g Eg (1) Where Eg = Band gap of dielectric material g = Permittivity of the dielectric.
According to this relationship, the band gap of dielectric material decreases with increase in permittivity of the dielectric giving rise to the tunneling phenomenon. In this paper, a novel system is developed which takes readout from PCS and readings are displayed on the display unit. This system is user-friendly and eliminates the complex setup as required by other systems for oxygen measurement.
III. PHOTOCATALYSIS PROCESS
The process of photo catalysis is a proficient method for degrading organic compounds. Various literatures are available on the different mechanisms and equations involved for gaining a better knowledge about the process of photo catalysis [11] [12] [13] . The semiconductor material consists of two bands which are called valence band and conduction band. There is difference between the energy levels of these two bands and energy gap between them is known as band gap which is given by Eg. The electrons from the valence band jump to conduction band which may be empty when a light of energy higher than band gap energy falls on the semiconductor material. Holes are left behind in the valence band due to excitation of electrons to higher energy band. These holes on reaching the surface of the organic molecule reacts with water to give OH-radicals for oxidizing the organic pollutants as explained in [14] . The dissolved oxygen in the molecular form acts as a scavenger of the photo generated electrons and forms a superoxide radical ion [15] [16] . Titanium oxide has the ability to cause photo-oxidative destruction of the organic pollutants and is non-corrosive in nature due to which it is used as a catalyst in the process [17] . The oxygen content in any given sample can be determined by observing the change in dissolved oxygen concentration during the process of photo catalysis. The PCS senses the changes in the oxygen concentration and its voltage levels change as an indication. The photo catalysis process is shown in Fig. 1 . The SPICE model for PCS previously introduced is basically a MOSFET having structural difference in which the gate terminal is kept inside the solution .The diffusion and quantum capacitances are added to explain the effect of Helmholtz and diffusion layer [18] [19] . To include the effect of reference electrode Eref is added. The threshold voltage equation for the PCS model is given in (2) 
The cross section of PCS is shown in Fig. 2 . Ψ is an input parameter of the equation which is dependent on the concentration of O2 in the solution and surface dipole potential (χ sol ). Here Eref is the constant reference electrode potential. For different concentrations of O2, different V-I curves for PCS can be plotted .Ψsol is a function of O2 and as the saturation cut-off current Ids increases the value of the oxygen concentration level decreases. The circuit for PCS is shown in Fig. 3 . 
The drain current equation in non-saturation mode for PCS is given in (4):
Where Cox = Oxide capacitance per unit area, µ = Electron mobility of the channel, L = Length of the Channel W = Channel width Fig. 4 shows the curves between Ids and Vds for different oxygen content levels when the reference voltage of the electrode is set at zero i.e. Eref = 0 V. shown in Fig. 5 , which consists of PCS, crystal oscillator and 8-bit microcontroller with built-in 10-bit analog todigital converter and provision for RS 232 communication and an LCD display module. The system operates on 5V power supply. The PCS readout circuit gives the analog voltage readings which cannot be processed by the microcontroller. Due to photo catalytic activity in the solution, the threshold voltage for PCS changes and this change in voltage is digitized by built-in 10 bit analog to digital converter having reference voltage set at 2V. The digitized voltage signal thus produced is processed and converted into oxygen content in the solution which is displayed on the LCD. Once the PCS acquires the readings, the data is converted into corresponding oxygen content in milligrams per litre. These final readings are then sent to LCD for display. The data can also be transferred serially to computer via RS 232 port and processed for further complex analysis. The simulation schematic for the system is shown in the Fig. 6 . The system uses an 8-bit controller having low power consumption and high speed FLASH/EEPROM technology. It has 256 bytes of EEPROM memory, and two comparators. For processing external analog technology. It has 256 bytes of EEPROM memory, and two comparators. For processing external analog signals it has eight channels of 10-bit analog to digital converters and the synchronous serial port in the microcontroller can be configured as either 3-wire Serial Peripheral Interface or the 2-wire Inter-Integrated Circuit bus and a Universal Synchronous Asynchronous Receiver Transmitter [20] .
The system presented here is an efficient way to determine oxygen content in a solution and is well suited for water quality monitoring applications.
V. RESULTS AND DISCUSSIONS
A smart system is developed here which is extensively tested and the simulation results are in good agreement with the theoretical predictions and the experimental data.
The linear trend line plot between digital voltage and oxygen content shows that the coefficient of determination R 2 is 0.99 with standard error of 0.01. The coefficient of determination gives an indication of how well the regression line represents the data. The value of R 2 ranges from 0 to 1, and it gives the proportional fluctuation of one variable that can be predicted from the other variable. If the value of R 2 is close to 1 the regression line is a decent fit for the given set of data. The trend line between oxygen content and digital voltage is shown in Fig.7 . 
a. Residual plot
Residual plot is a plot between an output and input variables which is used to show whether the given regression model is appropriate according to your data. There should not be any recognizable pattern for the plotted residuals and they must be random in nature.
Uncorrelated residuals are generally obtained by good regression models. The residual plot for the developed system has been plotted and shown in Fig.8 . 
b. Normal Probability Plot
There is a special case for the probability plot which is known as the normal probability plot. It is a graphical method which is used to check the normal distribution of the data. On plotting the points, an approximate straight line is formed which shows that normal distribution is a decent model for a given set of data. The normal probability plot for the system is plotted and shown in Fig.  9 . Fig.10 shows the hardware implementation of smart system for oxygen content measurement. This system is less complex and more user friendly.
The comparison between Smart PCS system and FIA analysis has been shown in Table 1 .
Inference from table 1. The value of R 2 in case of Smart PCS system is greater as compared to FIA model which shows a direction of relationship between peak height decrease in current (ΔI) and dissolved oxygen concentration decrease (ΔO2). 2. In Smart PCS system, the value of standard error in smaller which shows that it is more accurate than FIA model. 3. Smart PCS system is digital and hence it is less tedious, cost-effective, and more accurate as compared to FIA model. 
VI. CONCLUSIONS
A smart PCS based system for oxygen content measurement has been presented in this paper. The software algorithm for measuring the oxygen content of the solution has been developed and implemented on the hardware which is tested extensively and validated with the experimental results. On plotting a trend line line between digital voltage and the oxygen content, the coefficient of determination R 2 is found to be 0.99 which is close to 1. It shows that the regression line is a good fit to the data. The normal probability plot and residual plot for the system has also been obtained and given in Fig. 9 and Fig. 8 . Both the plots validate that the regression model obtained is appropriate and thus system accuracy is verified. Fig. 10 shows the images of the smart system which has been developed for the oxygen content measurement. The system has fair accuracy and is less complex. One can easily use the system as it is user friendly and has low response time. The system is highly suitable for water quality monitoring applications.
